Introduction
Self assessed health status is an increasingly common measure of health in empirical research (e.g., Smith, 1999; Kennedy et al., 1998; Deaton and Paxson, 1998; Schofield, 1996; Ettner, 1996; Saunders, 1996) . This is supported by a literature that shows that self assessed health status predicts mortality and morbidity (e.g., Idler and Kasl, 1995; McCallum et al., 1994; Connelly et al., 1989; Okun et al., 1984) . Furthermore, Gerdtham et al., (1999) have demonstrated that a continuous health status measure constructed from a categorical response by the method of Wagstaff and van Doorslaer (1994) is highly correlated with other continuous measures of health.
1
The 1995 Australian National Health Survey provides a unique opportunity to examine self assessed health status measures in a different way. The following standard self assessed health status question was asked of all respondents and twice of a random subsample:
In general, would you say that your health is:
Excellent? Very good? Good? Fair? Poor? For the "treatment" group, this question is first asked at the beginning of a general health and well being questionnaire. The question is asked again after the respondent has completed the general health and well being questionnaire and answered some other non-health related questions. The distributions of responses to these two questions are statistically different. In addition, both distributions are statistically different from the distribution of responses by the group that was asked only once.
Among respondents who were asked the self reported health status question twice, approximately 28% change their response, though, only 3% change their response by more than one category. Some socio-economic groups are more likely than others to revise their self assessed health status on repeated questioning. For example, a higher proportion of older than younger persons change their self assessed health status.
These patterns of responses and changes in responses admit several interpretations and may have implications for empirical research employing self assessed health measures. Before turning to those interpretations and implications, we provide further detail on the data, and the patterns therein.
The 1995 Australian National Health Survey
The Australian Bureau of Statistics (ABS) 1995 National Health Survey 2 was conducted over a 12 month period from January 1995 to January 1996 and based on a sample of private and non-private dwellings. Approximately 23,800 dwelling households were surveyed and the overall response rate for households was 91.5%. An important feature of the data is that they are representative of the entire Australian adult population which allows us to compare the stability of self assessed health status among different groups.
In addition to responding to the standard "face-to-face" interview, approximately half of the original sample was asked to complete a written supplement comprising the Short Form 36 health status questionnaire (SF-36). The SF-36 is a well-known measure of general health and well being; it produces scores for eight dimensions of health.
3 Selection into this "treatment" group was based on the random assignment of blocks within census districts.
In households selected to respond to the SF-36, persons aged 18 and over were asked to complete the SF-36 questionnaire prior to the standard interview. The first question on the SF-36 is the self assessed health status question presented in the introduction. This question is asked again (but by an interviewer rather than through a self completed form) in the standard interview. In the standard interview, the self assessed health question is the first question about the respondent's health, but is preceded by questions regarding gender, age, marital status, race, country of birth, year of arrival in Australia, language spoken at home and employment status. Thus, for the treatment group, the responses to the two self assessed health status questions are separated by the rest of the health questions on the SF-36 form and the socioeconomic questions listed above. 18436 persons responded to both self assessed health status questions.
Individuals in households that were not selected to respond to the SF-36 were asked the self assessed health question only once, in the standard (face-to-face) interview, after the socioeconomic questions listed above. We refer to these individuals as the "control" group. Figure 1 summarizes the self assessed health questions asked of the treatment and control groups. Appendix Table A .1 presents the distributions of socioeconomic characteristics and the results of tests for differences between the treatment and control groups. We find no evidence to suggest the randomization was inadequate.
Aside from the two self assessed health status variables and answers to the SF-36 questionnaire, other variables of interest include gender, age, employment status, equivalent income and occupation. The definitions of all variables are presented in Table 1 . Responses to the self assessed health status questions are scored as follows (1 = excellent, 2=very good, 3=good, 4=fair, 5=poor).
Occupation
There are 3 occupation groups: managers and professionals (white collar); para-professional, clerks, salespersons and personal service workers (other white collar); and labourers and related workers, tradespersons, and plant and machine operators and drivers (blue collar). 
The Distribution of Responses by Question and Group
The distribution of responses to both self assessed health questions for the treatment group and to the single self assessed health question in the case of the control group are presented in Table 2 . In Table 3 , we present tests for differences in mean and distribution across questions within the treatment group, and also across the treatment and control groups.
Comparing the distributions of responses to the two questions for the treatment group, we cannot reject the null that the means are the same (at a 5 % level of significance) but the null that the distributions are the same is strongly rejected. This is due to a fairly symmetric thickening of the tails. When respondents were questioned a second time, by face-to-face interview rather than by written questionnaire, the middle category ("Good") was reported less frequently and all the other categories became more prevalent. Comparing the treatment and control groups, we find a statistically significant difference between the distribution of responses generated by the control group and that generated by either question asked of the treatment group. The differences cannot be simply characterised by either spread or location. We know from Appendix Table A.1 that the distribution of co-variates does not differ across the treatment and control groups, and we have just observed that the unconditional distribution of responses does differ across the groups; thus we can infer that conditional distributions of responses differ across the treatment and control groups. This is confirmed in Table 4 where we see that most conditional distributions of responses do in fact vary across the treatment and control groups. Focusing on the treatment group, we find in Table 5 that for both questions, there were differences in mean self assessed health status across socio-economic groups. For example, older age groups tended to have higher mean self assessed health status, indicating that their reported health status was generally poorer than that of younger age groups (the categorical variable is coded numerically from 1 "excellent" to 5 "poor"). 4 The self assessed health status means and variances (Table 6 ) for persons in blue collar occupations show that their health is poorer and more disperse than that of persons in white collar occupations. Similarly, persons in low equivalent income quintiles seem to have poorer health and exhibit more dispersion in reported health outcomes compared to persons in high equivalent income quintiles. 
Who Revises their Self assessed Health Status?
As noted in the introduction, 28% of the treatment group change their response between the two self assessed health status questions. 13.6% reported a higher level of health whilst 14.8% reported a lower level of health. These gross flows are large relative to the net changes discussed above. (In Table 2 , responses in the top two categories combined went up by 1 percentage point between the first and second question, while responses to the bottom to categories increased by a combined 2.7 percentage points). There is evidently considerable "churning". Table 7 shows in detail the transitions from self assessed health status question 1 categories to question 2 categories. For example, of those people reporting their health as "good" in question 1, 64.19% still report their health as "good" in question 2.
The amount of revision does vary by socioeconomic group. Table 8 demonstrates that the proportion of persons changing their response was significantly higher for older age groups compared to younger age groups. Variation in revisions across age groups illustrates the importance of examining both gross and net flows. The oldest age group was the only one with no significant variation in net flows even though it had the largest gross flows of all age groups. A smaller proportion of persons in the two white collar occupation groups changed their self assessed health status than those in blue collar occupations. The proportion of persons changing there self assessed health status in the two top quintiles of equivalent income was lower than in other equivalent income quintiles. To counter the effect that age might be having on occupation and family income groups, these groupings were age standardised. Standardising for age did not qualitatively alter the patterns by occupation and family income. We also present weighted and unweighted Kappa scores in the final two columns of Table 8 ; these measure the agreement between the two responses by socioeconomic group. They reveal the same patterns as the earlier columns. The stability of self assessed responses among the older population may be of particular interest because of the growing empirical literature on the health and labour market activity of older persons. Table 8 shows the frequency of revisions by age group and initial response. Older persons exhibit higher revision propensities for every initial response except "Fair". Even more detail can be uncovered by examining the complete transition matrices by age group. These are presented in Appendix Table A.2. In younger age groups, most responses to self assessed health status were excellent, very good and good, and therefore most transitions were from these categories. In older age groups, responses were more evenly spread amongst self assessed health status categories and there tended to be slighter higher rates of transition between questions.
Interpretations
To summarise, we find that the distribution of self assessed health status responses differs between:
(1) A form-based questionnaire and a face-to-face question asked of the same individuals in quick succession;
(2) Form-based and face-to-face questions asked of two randomly allocated groups; and (3) Face-to-face questions asked of a control group and a randomly selected treatment group which was "pre-treated" with form-based questions.
We also find that for the treatment group, changes in self assessed health between the initial form-based questionnaire and the subsequent face-to-face interview are numerous and related to age, occupation and income. How can we interpret these patterns? Individuals in the treatment group might revise their self assessed health status for at least three reasons. First, it may of course be that they assess their health with some "error" and each response to a question represents a new draw from the measurement error distribution. If this were all that was going on, the frequency of revisions would seem to suggest a large degree of underlying uncertainty (or measurement error).
Second, it may be that there is an "instrument effect" as the respondents go from a written questionnaire to a face-to-face interview. There is a literature which suggests that people respond more candidly to sensitive questions when self completing a form as opposed to being personally interviewed (e.g., Tourangeau et al., 1996) .
Finally, and perhaps most intriguingly, it may be that respondents in the treatment group "learn" about their health status between the first and second self assessment of health. Recall that after the first summary self assessed health question they respond to a number of detailed questions about various aspects of their health status. It may be that these detailed questions stimulate a process of introspection that leads to different responses to the second question. We use the term "learn" somewhat loosely: the later responses might or might not be more accurate. Another interpretation of the effect of preceding questions is framing, see for example, Tversky et al. (1998) . In what follows we use the term "learning" to refer to any effect of the intervening questions on responses to the second self assessed health status question.
It might at first be tempting to ask if responses to the intervening specific health questions "predict" subsequent revision. However, such a correlation could simply reflect mean reversion, and thus would be just as consistent with our first explanation ("measurement error") as our third ("learning"). Suppose that each of the self assessed health questions and the SF-36 index represented "true" health status plus an independent draw from a measurement error distribution. Then it is easy to show that the best predictor of an individual's response to the second self assessed health status question is a (weighted) mean of their response to the first self assessed health status question and the SF-36 index.
7 Thus if the SF-36 indicates better health status than the first self assessment, one would expect the second self assessment, on average, to indicate better health status as well, even though the SF-36 has no causal effect on the second assessment.
One way we might able to distinguish between learning and mean reversion is to appeal to temporal ordering. Learning should proceed in only one temporal direction, so that if learning is occurring, the intervening health questions should better predict responses to self assessed health status question 2 than to self assessed health status question 1. By contrast, mean reversion should work equally in either direction so that the intervening questions would predict self assessed health status question 1 and question 2 equally well. With this in mind, we estimated two ordered probit regressions in which the self assessed health status questions were regressed against the 35 intervening (SF-36) health questions. For self assessed health status question 1, the pseudo R squared was 0.31, for self assessed health status question 2 it was 0.34. Thus, there is some slight evidence of learning as the intervening questions better predict responses to self assessed health status question 2 than self assessed health status question 1.
The control group may provide a more promising way of untangling the three explanations listed at the beginning of this section. If we compare the distributions of responses across the randomly selected treatment and control groups, measurement error, which should have the same structure for the two randomly selected groups, does not explain any observed differences. Thus, we can focus on other explanations.
If we compare the first response of the treatment group to the responses of the control group, neither group has previously responded to any other health questions. However, the treatment group are self-completing a form, while the control group are responding verbally. Thus this comparison isolates (of the explanations we have considered) the instrument effect. As noted in Table 2 , we find a statistically significant effect.
If we compare the second response of the treatment group to the responses of the control group, both groups are answering verbally. However, the treatment group has previously responded to the SF-36 questionnaire. Thus, this comparison isolates the "learning" effect. Again, as noted in Table 2 , we find a statistically significant effect.
Thus we are forced to conclude that both the instrument (written or verbal) and the sequence of previous questions are determinants of individual's responses to a self assessed health question.
Turning now to the revision propensities of different socioeconomic groups, can we conclude, for example, that the aged are less accurate in their self assessments of health? While older persons are more likely to change categories, we know from Appendix Table A.2 that the elderly have a different initial distribution of responses than younger age groups. Response instability will reflect both the amount of uncertainty in responses and the underlying distribution of "true" health status, so that care must be taken with cross group comparisons.
To see this simply, consider a model of responses that abstracts from the "learning" and instrument effects documented above. Suppose that the categorical self assessed health status is generated in the following way: There is an underlying continuous latent variable corresponding to "true" health. Individuals can assess the sum of this variable and a draw from some measurement error distribution. They then generate their categorical response by comparing the sum just defined to a set of fixed "cut points".
8 Each assessment leads the individual to make a new draw from the measurement error distribution. It is easy to show that, given the "cut points", the predicted number of revisions depends not only on the variance of the measurement error distribution but also on distribution of the latent health status.
9 Thus, one needs to be careful about interpreting the "accuracy" of self-health assessment of different socioeconomic groups. A greater propensity to revise assessments may not reflect a greater underlying uncertainty about "true" health, but rather a different distribution of health status. 10 However, our results would still seem to suggest that older persons have greater difficulty in self assessing their health. Crucially, as we noted in Table 9 , they have a higher propensity to revise for all but one category of initial response (and for that category their propensity to revise is essentially the same as younger persons). This observation would seem to argue against an interpretation that attributed their higher revision propensity entirely to a different distribution of underlying "true" health. 8 We have in mind an ordered probit or ordered logit model. 9 To see this in a trivial way, consider a subgroup of the population whose distribution "true" health has a single point of support far to the right of the rightmost "cut point". This group could have a very large measurement error variance and very few revisions.
10 If we define accuracy without reference to some notion or model of underlying uncertainty, but rather in terms of revisions or response stability, then those who revise more frequently are by definition less accurate.
Implications for Empirical Research
Our results suggest that individuals' responses to a self assessed health question depend on both the nature of the survey (particularly whether responses are written or verbal) and the sequence of preceding questions. These are important factors to keep in mind when comparing the distribution of self assessed health status across different surveys. Many health surveys contain multiple measures of health status. Our results suggest that it is necessary to consider the order in which health status questions are asked when comparing the results of different surveys.
Our results also suggest that there is considerable measurement error or underlying uncertainty in individual's self assessment of health. This leads to response instability. Measurement error will lead to inconsistent estimation of models in which self assessed health appears as an explanatory variable (for example, a model of retirement). Furthermore, the degree of this uncertainty appears to be related to common observable characteristics. That is, this uncertainty is, at minimum, heteroscedastic. This means that maximum likelihood estimate of a health status model (an ordered probit or logit for example) will be inconsistent, if such estimation assumes homoscedastic error structures (as is usually the case). It seems likely (though it cannot be shown with our data) that individuals' uncertainty about their health status is also correlated in mean with socioeconomic characteristics. This would be problematic for studies that take self assessed health status as the dependent variable even if they are estimated by OLS.
How important might such considerations be? To provide a partial answer to that question, we consider a simple linear probability model of employment status, and examine the consequences of improving the estimates by combining both our measures of self assessed health. A simple model of measurement error in an explanatory variable (such as can be found in most econometrics textbooks) leads to a prediction of attenuation bias -the coefficient is biased towards zero, and the degree of attenuation decreases as the variance of the measurement error decreases. If we average two draws from the measurement error distribution, the variance of the average is less than the variance of a single draw, and thus a strategy which uses the average of two measures as the explanatory variable should result in reduced attenuation bias. Another possibility where two measures exist is to use one as an instrumental variable for the other. If the two measurement errors are uncorrelated, this leads to a consistent estimate. However, in our context -repeated self assessment of health -that seems unlikely to be true. Nevertheless, even if the measurement errors are correlated, under reasonable assumptions an instrumental variables (IV) estimate should lead to less attenuation bias than either a simple OLS estimate or an estimation strategy that averages the two responses. A simple model supporting this intuition is provided in Appendix A. The motivation behind our empirical example is that the actual attenuation bias must be at least as large as the difference between the OLS and IV estimates (if the measurement errors are uncorrelated) or even larger but in the direction indicated by that comparison (if the measurement errors are correlated). The dependant variable is employment (0=not employed, 1=employed). The omitted category for the independent variables is Good. There were 18436 observations, we report estimating linear probability models of employment on our treatment group, for
In
In Table 10 , we report estimating linear probability models of employment on our treatment group, for whom the overall rate of employment is 74%. The explanatory variables are dummy variables indicating that the respondent reported their health as "excellent", "very good", "fair" or "poor" ("good" is the omitted category). This example is intended to be illustrative, and so we are abstracting from issues of reverse causation.
The first two columns of Table 10 report OLS estimates, where the explanatory variables are derived from the first and second self assessed health questions respectively. Health status is a statistically significant determinant of employment status. For example, the OLS estimates suggest that those who report their health as "fair" have an employment probability that is some twenty percentage points below those who reported "good" and "poor" health corresponds to an employment probability more than forty percentage points below that of the group reporting "good".
When we average the two self assessed health measures (column 3) or use the second self assessed health as an instrumental variable for the first (column 4) we find even larger differences among the groups. This is consistent with the idea that the OLS estimates suffer from attenuation bias. Some of the differences are substantial. The OLS estimates suggest that "poor" health corresponds to an employment probability of 42 percentage points below those with "good" health, while the IV estimates suggest a differential of 51 percentage points -a 9 percentage point difference. If (as seems likely) the IV estimates also suffer from attenuation bias (because the measurement errors are correlated), the true degree of attenuation bias may be even larger. Thus, at least in some contexts the underlying uncertainty in self assessed health status can have important effects in empirical applications.
There are two other features of this empirical illustration to note. First, as our simple model predicts, a strategy of averaging the two measures leads to estimates that lie between the OLS and IV estimates. Second, the OLS estimates do not differ substantially when we derive our regressors from the second rather than first self assessed health status measure. This suggests that "learning" that occurred between the first and second response did not substantial reduce the attenuation bias.
Empirical research must always proceed with the best available measures of quantities and concepts of interest. Nevertheless, it is important to bear in mind what evidence there is on the limitations of the best available measures, and this note has provided some evidence on the limitations of self assessed health measures.
Appendix A
We now present a simple model, which underlies the discussion of attenuation bias in the previous section. Suppose that An OLS estimate of (1) solves:
With a little substitution and manipulation, it can be shown that: This is the usual textbook result that measurement error leads to attenuation bias, with the attenuation bias disappearing as the variance of the measurement error goes to zero.
One way to use the second question to improve such an estimate would be to use the responses of the second question as an instrumental variable for the first question. The instrumental variable (IV) estimate of (1) solves:
For i z to be a valid instrument it must be uncorrelated with the measurement error in i x , in which case the IV estimate is consistent. However, this is not the case in our example as we have allowed the measurement errors in i z and i x to be correlated. It can be shown that: That respondents learn about their health is suggested by the results of ordered probit regressions discussed in Section 5. However, our model is only intended to be illustrative, as it is not necessarily the case that more information will produce less uncertainty.)
Another way to use the information might be to combine the two self assessed health responses in an attempt to "average out" the measurement error. This might lead to an estimator that solves: 
